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I. INTRODUCTION -- 
S t u d i e s  on the s u r v i v a l  and growth of Staphylococcus au reus  
in s e v e r e  environments are i n  p rogres s .  
occu r red  w i t h i n  3 t o  28  days under the fo l lowing  environmental  
Growth of & aureus  
c o n d i t i o n s  : 
(1) 
( 3  
(4) 
100% carbon d i o x i d e  a t  5 m b  p r e s s u r e ,  0.92 and 
0.94 aw, 16-hr and 20-hr d a i l y  f r e e z e .  
100% carbon d i o x i d e  a t  10 m b  p r e s s u r e ,  0.92 and 
0.94 aw, 16-hr and 20-hr d a i l y  f r e e z e .  
67% carbon dioxide a t  25 m b  p r e s s u r e ,  0.92 aw , ,  
i6-hr and  20-hr d a i l y  f r e e z e .  
67% carbon dioxide a t  2 5  m b  p r e s s u r e ,  0.82 aw, 
16-hr d a i l y  freeze. 
S o i l  ecology exper iments  s tudying the growth responses  of  
microorganisms i n  d i f f e r e n t  s o i l s  w i t h  a s imula t ed  Mart ian 
environment (67% carbon d i o x i d e  a t  1 5  m b  p r e s s u r e ,  16-hr d a i l y  
freeze) w e r e  started. These s t u d i e s ,  related to  the p r o b a b i l i t y  
of extraterrestrial  contaminat ion ,  w i l l  e v a l u a t e  t h e  minimum 
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mois tu re  and numbers of the fol lowing microorganisms r e q u i r e d  f o r  
grawth and s u r v i v a l :  B a c i l l u s  ce reus ,  L a c t o b a c i l l u s  plantarum, 
Pseudomonas aeruqinosa ,  P u t r e f a c t i v e  Anaerobe (PA 3679) , & a u r e u s ,  
and Streptomyces a l b u s  . 
C o n s t r u c t i o n  of the Mart ian chamber w a s  completed. I n i t i a l  
t r i a l  r u n s  f o r  leak t e s t i n g  w e r e  success fu l .  A t  the p r e s e n t  t i m e  
p r e l i m i n a r y  experiments  are being conducted i n  t h i s  chamber t o  
s tudy  changes i n  the n a t i v e  microbial  f l o r a  of a brunizem s o i l  
s u b j e c t e d  t o  d i f f e r e n t  mo i s tu re  c o n c e n t r a t i o n s  and tempera tures .  
The fo l lowing  t w o  papers w e r e  p r e s e n t e d  du r ing  t h i s  report  
pe r iod :  
(1) P r o b a b i l i t y  of G r o w t h  (P of V i a b l e  Microorganisms G 
i n  Mar t ian  Environments. E. J. Hawrylewicz, C.  A. 
Hagen, Viv ian  Tolkacz,  B. T. Anderson, and Marjorie 
Ewing. COSPAR, I n t e r n a t i o n a l  Space Science  Symposium, 
London, England. J u l y ,  1967. 
( 2 )  A b i l i t y  of Microorganisms t o  Establish Eco log ica l  
Niches i n  D i f f e r e n t  Soi l s  and Environments. C.  A. 
Hagen, E. J. Hawrylewicz, B. T. Anderson, Viv ian  
Tolkacz, and Marjorie Ewing. SOC. f o r  I n d u s t r i a l  
Microbiol., London, On ta r io ,  Canada. August, 1967. 
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11 EXPERIMENTAL PROCEDURES 
S tock  c u l t u r e  p r e p a r a t i o n s  of the microorganisms w e r e  
described i n  Reports N o .  IITRI-L6023-5, -6, and -7. 
ecology experiments ,  the p r e p a r a t i o n  and i n o c u l a t i o n  of tes t  tubes  
and the methods fo r  de te rmining  water  a c t i v i t y  (aw) of t h e  
microorganisms w e r e  described i n  Report N o .  IITRI-L6023-9= 
For the s o i l  
All stock c u l t u r e  c e l l  suspens ions  w e r e  s tored a t  4OC u n t i l  
& c e r e u s  and PA 3679 spore  suspens ions  w e r e  heat-shocked used. 
a t  8OoC fo r  10 min j u s t  before use. 
The s o i l  ecology e x p e r i m e n t s  s tarted t h i s  report period 
u t i l i z e d  the fol lowing environmental  c o n d i t i o n s :  
(1) Gaseous Composition - 67% carbon dioxide, 30% n i t r o g e n ,  
and 3% argon. 
Atmospheric P r e s s u r e  - 1 5  mb.  (2) 
(3) Temperature Cycle  - 16-hr f r e e z e  a t  -65OC and 8-hr 
thaw a t  25OC- 
W 
(4) Mois ture  Concen t r a t ion  - maximum t o  minimum a 
depending on the organism's  requirement .  
(5)  S a i l  Type - brunizem, desert, and podzol. 
(6 )  Organism - B. c e r e u s ,  L, plantarum, PA 3679, 
P2 ae ruq inosa ,  & aureus ,  and S. a lbus .  - 
(7) C e l l  Concen t r a t ion  - u s u a l l y  three levels: lo3, 
2 1 0  , a n d  10 c e l l s / g  of so i l .  
The exper iments  are d i v i d e d  i n t o  key, o r  sc reen ing ,  and 
t e s t i n g ,  or conf i rma to ry  :Wes . The key experiments  de te rmine  
the l o w e s t  c o n c e n t r a t i o n  of moi s tu re  the smallest number of cells  
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r e q u i r e  f o r  s u r v i v a l  i n  the environment ove r  a seven day tes t  p e r i o d .  
The t e s t i n g  experiments  c o n s i d e r  the t w o  l o w e s t  numbers of cel ls  
and the minimum aw fo r  s u r v i v a l  and  growth i n  the environment ove r  
a 56-day t es t  period. 
Bacterial coun t s  are r e p o r t e d  as averaged c o u n t s  of t w o  plates 
f r o m  each of t h r e e  tubes .  Incuba t ion  w a s  a t  35, 30, o r  25OC fo r  
1 t o  5 days ,  depending on the bacterial species. 
111. RESULTS AND DISCUSSION 
The effect  of 100% carbon d i o x i d e  a t  5 m b  p r e s s u r e  on & aureus  
i s  shown i n  F igu re  1. G r o w t h  occurred i n  the tubes  con ta in ing  
0.94 a w i t h i n  seven days  w i t h  a 16-hr d a i l y  f r e e z e  and w i t h i n  
28  days w i t h  a 20-hr d a i l y  freeze. Extension of the t i m e  f r o z e n  
de layed  growth and has been reported i n  o u r  p r e v i o u s  s t u d i e s  w i t h  
other environments and organisms. Lowering the m o i s t u r e  concent ra -  
t i o n  t o  0.92 aw r e s u l t e d  i n  a f u r t h e r  d e l a y  of growth. 
W 
F l g u r e  2 shows the effect  of  the same atmosphere a t  10 m b  
p r e s s u r e  on S. aureus .  G r o w t h  occur red  between 7 and 28 days  a t  
both m o i s t u r e  c o n c e n t r a t i o n s ,  0.92 and 0.94 awi and both freeze 
c y c l e s .  
I n  both environments there were i n s t a n c e s  of a l a r g e  decrease 
i n  numbers of v i a b l e  cel ls  recovered after growth had occurred .  
The loss i n  v i a b i l i t y  does n o t  appear  t o  be s o l e l y  r e l a t e d  t o  
barometric p r e s s u r e ,  gaseous composi t ion,  mo i s tu re  c o n c e n t r a t i o n ,  
o r  l e n g t h  of d a i l y  f r e e z e .  However, i n  s imilar  environments b u t  
w i t h  maximum a I s  v i a b i l i t y  w a s  no t  as g r e a t l y  a f f e c t e d .  
W 
Ilf R E S E A R C H  I N S T I T U T E  
4 I I T R I  -L60 23-10 
M . 9 2 a w ;  16HR FREEZE 1 
O--+ . 9 2 a w ;  2 0 H R  FREEZE 
A- . 9 4 a w ;  l 6 H R  FREEZE 
bw+ - 9 4 0 ~ ;  2 0 H R  FREEZE I o8 
€ 
I I A I A 
0 3 7 28 56 
DAYS 
FIQ. I EFFECT O F  100% CARBON DIOXIDE ATMOSPHERE AT 5 m b  
PRESSURE ON QROWTH AND SURVIVAL OF STAPHYLOCOCC,US 
AUREUS. 
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FIG. 2 EFFECT O F  100% CARBON DIOXIDE ATMOSPHERE AT lOmb 
PRESSURE ON GROWTH AND SURVIVAL O F  STAPHYLOCOCCUS 
AUREUS. 
6 
G r o w t h  of S. aureus  i n  an environment w i t h  67% carbon d i o x i d e  - 
( w i t h  30% n i t r o g e n  and 3% argon as the balance) a t  25 m b  p r e s s u r e  
i s  shown i n  F igu re  3. G r o w t h  occur red  w i t h i n  seven days w i t h  
0.92 aw and a 16-hr d a i l y  f r e e z e ,  w i t h i n  28 days w i t h  0.92 aw and 
20-hr d a i l y  f r e e z e ,  and w i t h i n  28 days w i t h  0.82 aw and 16-hr 
d a i l y  freeze. G r o w t h  had n o t  occur red  by 28  days w i t h  0.82 a 
and 20-hr d a i l y  freeze. 
t i m e  and the lowering of  the aw r e s u l t e d  i n  a de layed  growth 
response.  
W 
B o t h  t h e  ex tens ion  of the d a i l y  f r e e z e  
I V .  SUMMARY 
I S. au reus  su rv ived  and grew i n  a 100% carbon d i o x i d e  
atmosphere a t  5 and 10 m b  p r e s s u r e s  w i t h  0.92 and 0.94 awls. 
I n c r e a s i n g  the d a i l y  freeze t i m e  from 16 t o  20-hr delayed the 
growth response.  I n  either even t ,  growth occur red  w i t h i n  
3 t o  28  days  w i t h  m a x i m u m  p o p u l a t i o n s  2 l o g s  h i g h e r  than i n i t i a l  
p o p u l a t i o n s .  
_. S -  aureus  su rv ived  and grew i n  a 67% carbon d i o x i d e  
atmosphere (ba l ance  w a s  30% n i t r o g e n  and 3% argon) a t  25 m b  
p r e s s u r e ,  0.92 aw w i t h  either a 16-hr o r  20-hr d a i l y  f r e e z e .  
G r o w t h  a lso occurred i n  a s i m i l a r  environment w i t h  0.82 aw and a 
16-hr d a i l y  f r e e z e .  
Experiments t o  de te rmine  m i n i m u m  numbers of d i f f e r e n t  
microorganisms r e q u i r e d  t o  establish an e c o l o g i c a l  n i che  i n  
d i f f e r e n t  s o i l s  w i t h  a 67% carbon dioxide atmosphere a t  1 5  m b ,  
a 16-hr  d a i l y  freeze, and minimum a w e r e  s t a r t e d .  
W 
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FIG. 3 EFFECT O F  67% CARBON DIOXIDE ATMOSPHERE AT 2 S m b  
PRESSURE ON OROWTH AND SURVIVAL O F  STAPHYLOCOCCUS 
AUREUS. 
P r e l i m i n a r y  e x p e r i m e n t s  s tudying changes ;in na t ive  f lo ra  
of a b r u n i z e m  s o i l  are b e i n g  p e r f o r m e d  i n  the n e w l y  cons t ruc t ed  
M a r t i a n  c h a m b e r .  
V. PERSONNEL AND RECORDS 
The e x p e r i m e n t s  w e r e  p lanned  w i t h  the counsel of D r .  
E. J. H a w r y l e w i c z  and the technical assistance of M r .  B r u c e  
Anderson, M i s s  Marjorie E w i n g ,  and M i s s  Viv ian  Tolkacz. 
E x p e r i m e n t a l  data are recorded i n  I I T R I  Logbooks C17605, 
C17587, C17849, and C 1 8 0 2 9 .  
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